IMPORTANCE Malignant tumors of the submandibular gland are uncommon, leading to limited information regarding prognostic factors and difficulty in evaluating treatment modalities.
M alignant primary tumors of the salivary glands account for less than 5% of all cancers of the head and neck. 1 The most common tumor location in the salivary glands is in the parotid gland, whereas tumors in the submandibular gland are less common; only 5% to 15% of all salivary gland neoplasms occur in the submandibular gland. [2] [3] [4] [5] [6] [7] Submandibular gland tumors have a frequency of malignancy of roughly 43%, almost double that of the parotid gland. 8, 9 In general, tumors of the submandibular gland are associated with higher rates of malignancy and less favorable prognoses when compared with other primary tumors of the salivary glands. 2, 5, [10] [11] [12] Because of the relatively low incidence of submandibular gland tumors, it has been difficult to evaluate treatment modalities, and limited information is available in the literature regarding survival and prognostic factors. In almost all cases of primary tumors of all salivary glands, surgery is the primary treatment modality. 6 Patients with submandibular gland carcinoma are more likely to undergo radical resection of the affected gland in comparison with patients with other forms of salivary gland cancers; such procedures are more extensive and include the removal of the adjacent muscles and nerves. 6, [13] [14] [15] However, the role of radiation therapy to provide enhanced locoregional control for the treatment of submandibular gland malignant neoplasms is still unclear. 1, 2, 7, 13, [15] [16] [17] This study focused on determining the incidence and survival of, to our knowledge, the largest population of patients to date with a diagnosis of primary malignant tumors of the submandibular gland. Data from 2626 patients with a diagnosis of submandibular gland cancer from 1973 through 2011 in the US National Cancer Institute's Surveillance, Epidemiology, and End Results (SEER) cancer registry were used to analyze several patient and disease characteristics to determine possible factors affecting both overall survival (OS) and diseasespecific survival (DSS). Much of the existing literature consists of small case series and reports from single-and multicenter studies, with limited large-population data. 4, 14, 15, [18] [19] [20] [21] [22] [23] [24] A previous SEER database analysis on submandibular gland cancer was performed in 2004 on data from 370 patients who received a diagnosis from 1988 through 1998. 2 Our study expands on the previous SEER database analysis through increasing the sample size, analyzing DSS, and performing statistical analysis on patient populations stratified by histologic subtype, stage, and tumor size. Use of this database for clinical outcomes research has been validated in previous studies investigating several types of cancers of the head and neck.
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Methods
Data Source
Data were gathered from the SEER 18 Registries, estimated to encompass 27.8% of the US population, including 40% of Hispanics, 23% of blacks, and 20 different US geographic regions. Because the SEER database is publicly available and all patient data are deidentified, no institutional review board approval or informed consent was required for this study.
Study Participants
A total of 2626 patients who received a diagnosis between 1973 and 2011 of a primary epithelial malignant tumor of the submandibular gland, confirmed by histological diagnosis, were identified within the SEER database by using the primary site cancer label C8.0 (submandibular gland 
Statistical Analysis
Patient outcomes were measured on the basis of OS, the time in months between diagnosis and death from any cause, and DSS, the time in months between diagnosis and death directly caused by the primary tumor as reported in the SEER database. Median survival time was defined as the smallest length of time, in years, in which half the patients in the group with a diagnosis of the disease are still alive; if at the end of the period there were not sufficient deaths to reach this number, the median survival time is listed as undefined. KaplanMeier survival analysis was used to evaluate differences between survival curves. The log-rank test was used to determine statistical differences using the threshold P < .05. Covariates were chosen for multivariate Cox proportional hazards regression models with 95% confidence intervals with regards to OS and DSS. Multivariate analysis was conducted for the following groups of patients: overall patients with submandibular gland tumors, patients grouped by tumor stage (stage I or II and stage III or IV), tumor size (primary tumors ≤3 and >3 cm), and tumor histologic subtype (squamous cell carcinoma, adenocarcinoma, adenoid cystic carcinoma, and mucoepidermoid carcinoma). Tumor size, extent, and lymph node involvement were not used in the multivariate analysis because these were each used to determine tumor stage at presentation, so using these variables in addition to stage at presentation would violate the principle of excluding linearly codependent variables. Using this methodology, there were no less than 10 events per covariate for each model. 31 Statistical analysis was performed using SPSS software, version 21.0 (SPSS).
Results
Data on 2626 patients with a diagnosis of primary epithelial tumor of the submandibular gland from 1973 through 2011 were extracted from the SEER database. A total of 52.9% of patients were male and 47.1% were female ( A total of 87.4% of patients were treated with surgery, whereas 57.8% of patients received radiation therapy as part of treatment. Mean (SD) tumor size at presentation was 3.0 (2.0) cm, while median tumor size at presentation was 2.5 cm.
Kaplan-Meier Analysis
Using Kaplan-Meier analysis, 2-year OS and DSS for tumors of the submandibular gland were determined to be 65% and 74%, 5-year survival was 54% and 67%, and 10-year survival was 40% and 60%, respectively, with median (SE) survival being 7.1 (0.4) years for OS and 23.0 (2.5) years for DSS ( Table 2) . Kaplan-Meier analysis was also performed for notable histologic subtypes, stage at presentation, and tumor size (Figure, Table 2 , and eFigure in the Supplement).
Multivariate Analysis
The results of the multivariate Cox regression analysis of OS and DSS for the overall population, as well as stratified by tumor stage and size, are reported in Table 3 . Table 4 contains multivariate Cox regression analysis of OS and DSS broken down by histologic subtype. Independent correlates of OS and DSS for these different populations included age at diagnosis, sex, grade, stage at presentation, and surgery. Older age at diagnosis, higher grade, and later stage at presentation were found to have a negative impact on survival whereas female sex and surgical resection had a positive impact on survival. cause of the relatively low incidence of this malignant neoplasm, the majority of studies on submandibular gland tumors have been limited to case reports and small single-or multi-institution studies. In addition, they are often conducted within larger studies on tumors of other major salivary gland tumors, leading to uncertainty of the prognostic factors and optimal treatment for submandibular gland malignant neoplasms. 4, 12, 14, 15, 20, 32 The SEER database allows for analysis of prognostic factors in survival with greater statistical power than previous studies. The SEER database has been previously validated to have the capability to find correlates of survival in many types of head and neck cancer. 25, [33] [34] [35] [36] However, fundamental limitations exist in such a study design. The database lacks information on patient comor- bidities, extent of surgical resection, margin status, and administration of chemotherapy as a treatment regimen. This limitation of missing chemotherapy data is likely not problematic for this study on submandibular gland tumors because chemotherapy has not been shown to be effective in the treatment of salivary gland cancer and has been recommended for use only in recurrence, palliative care, and rapidly progressive disease. 16 Furthermore, there are concerns of tumor misclassification because there is a lack of centralized review by a head and neck pathologist. This study represents, to our knowledge, the largest population-based analysis of prognostic factors for survival in patients with tumors of the submandibular gland, including analysis based on tumor stage, size, and type. The large sample size of this study allowed for the comparison of survival among several primary histologic tumor subtypes within the submandibular gland. However, because of the rarity of some of these histologic subtypes leading to an inadequate number of cases for sufficient statistical power, median survival and multivariate analysis were calculated only for primary adenoid cystic carcinoma, adenocarcinoma, mucoepidermoid carcinoma, and squamous cell carcinoma. The most common malignant histologic tumor subtype reported in this study was adenoid cystic carcinoma (36.0%) ( Table 1) , which matches what has been reported in previous studies. 32, 37, 38 Primary squamous cell carcinoma was reported in this database at a higher frequency than expected. This may be due to the difficulty in distinguishing between metastatic squamous cell carcinoma to the submandibular gland, primary mucoepidermoid tumors, and true primary squamous cell carcinoma, which may have led to some misclassification of tumor types. 2 We also report the incidence of mucoepidermoid carcinoma to be 16.9%, which is similar to what has been reported in other studies. 5, 12, 32, 38, 39 The incidence of adenocarcinoma in the patients whom we reviewed (13.7%) matches what has been reported in some studies but is higher compared with other studies. 32, 38, 39 Adenoid cystic carcinoma demonstrated the best median OS (12.1 years), whereas squamous cell carcinoma exhibited the lowest (1.9 years), matching what has been reported in the literature. 2 Analysis of survival data from the SEER database showed that larger tumor size and advanced tumor stage at presentation were associated with a decrease in median OS. Kaplan-Meier survival Disease-specific survival of the entire population was found to be 67% at 5 years and 60% at 10 years, compared with 60% for 5 years and 50% for 10 years in other studies. 7, 40 This study found, through multivariate analysis of the overall population as well as stage at presentation, tumor size, and histologic subtype subcategories, that independent correlates of OS and DSS generally included age at diagnosis, sex, grade, stage at presentation, and receipt of surgery. Mean age at diagnosis was 61.3 years for patients in this study, which is similar to what has previously been reported in the literature. 7, 21 Older age was associated with significantly worse OS and DSS, which is largely in accordance with other published studies. 2, 7, 15, 32, 38 The hazard ratio for older age demonstrates a larger impact on OS than on DSS because older patients with submandibular cancer may have poorer survival as a result of the presence of comorbidities or intolerance for cytotoxic effects of chemotherapy.
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Female sex was found to be more commonly a beneficial factor in OS rather than DSS in most analyses. Examination of existing literature reveals that many studies of submandibular gland cancer do not report sex to be a significant prognostic indicator, including the previous SEER analysis on submandibular gland cancer. 2, 10, 32 This discrepancy with the previous SEER analysis is likely due to the previous study removing late-stage tumors from their study. The present study found that female sex has a positive impact on survival for late-stage tumors but not early-stage tumors, so these findings are consistent with the previous SEER study finding that female sex is not a significant prognostic indicator for early-stage submandibular gland tumors. Also consistent with our study, broader studies on salivary gland cancer have reported that sex may be associated with increased survival in some instances. 38, 42, 43 In other cancers, female survival advantage was found to be unrelated to tumor characteristics, which may explain why female sex has a more pronounced positive effect on OS than on DSS.
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High-grade tumors were demonstrated to significantly decrease both OS and DSS, which confirms what has already been reported in the literature. 7, 10, 32, 45 High-grade mucoepidermoid carcinomas have been reported to demonstrate an increased propensity for distant metastasis and are associated with poorer survival rates. 2, 6 Another study reported that higher-grade adenoid cystic carcinomas arising in the salivary glands were more likely to recur, in part due to difficulty of complete surgical excision of higher-grade tumors, which tended to be larger and more invasive.
stage has been reported as a significant factor affecting the recommended course of treatment in cases of submandibular gland cancer due to its function as a predictor of locoregional control, as well as disease-free survival. Patients with higherstage tumors are more likely to undergo adjuvant radiation therapy in addition to surgical treatment in an attempt to achieve better locoregional control; however, the 5-year survival rates for stage III and IV tumors remain significantly worse than those for stage I and II tumors. 6, 7, 15, 18 Patients with higher-stage III and IV tumors also experienced a higher recurrence rate, which has been associated with decreased survival. 7 In analyzing treatment options for submandibular gland cancer, it was found that surgical treatment is an independent predictor of improved OS and DSS, which is consistent with several previous reports. 6, 7, 11, 14, 22 Multivariate analysis on cohorts, separated by the critical cutoff tumor size of 3 cm, found that surgery and radiation therapy were both significant independent and positive correlates of survival for tumors larger than 3 cm. Radiation therapy has only recently become part of conventional treatment for submandibular gland tumors, which may explain its mixed results in our multivariate analysis of different tumors; it was associated with decreased survival for stage I and II DSS and mucoepidermoid carcinoma OS and DSS. In the past, the recommended treatment consisted solely of surgery without radiation therapy, so the overall percentage of patients receiving radiation therapy was much lower than it is currently, which could affect our results. 39, 47 Furthermore, in many cases, patients who are selected to receive radiation therapy without surgery are chosen because of their poor chances of surviving surgery or because of the presence of nonresectable disease, which also may affect our results. 7, 48 Because of the retrospective nature of this study and changes in treatment trends, it is difficult to make treatment recommendations based on our results, so future studies are needed to further investigate the efficacy of combining adjuvant radiation therapy with surgical resection.
Conclusions
The rarity of primary malignant submandibular gland tumors has led to uncertainty over prognostic factors and optimal treatment modalities. Here we report the largest study to date, in which we found that the correlates of survival for both OS and DSS include age at diagnosis, sex, tumor grade, stage at presentation, and receipt of surgical therapy. In addition, we demonstrated a 3-cm critical tumor size cutoff above which was associated with significantly worsened prognosis, as well as demonstrating that receipt of radiation therapy has mixed association with survival dependent on tumor subtype and size.
